An analytical method of determining the exterior orientation of a near-vertical photograph is described.
procedures of these methods will be subjects for subsequent papers. In this paper the theory presented by Mr. Byrd is restated. P.
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From the above relationships, equations may be written for the determination of either the photographic coordinates or the ground coordinates in terms of the other coordinate system and the nine direction cosine elements. By ratioing, substituting, and reducing the above relationships, the photographic coordinates are expressed thus, 
Eliminating -1 by multiplying (1-6) by (Y'b-Ya) and (1-7) by (xb -Xa), then subtracting (1-7) from (1-6), we have
1.6
For near-vertical Photography., the elemients of exterior orientation are defined as 
The minimum data required to solve for , x, and t is three control points. Given the coordinates of these points, three linear nonhomogeneous equations can be formed from 1-9 by letting Gab equal zero in the first solution. If a second solution is required, the constant terms in the equations can be corrected by using the first solution values for P, t 1 , and t. and computing and applying Gab as illustrated in the appendix (page 1?).
1.7
If desired, the space position of the exposure station can easily be determined by the following sequence of equations:
Using the computed ZL the other coordinates of the exposure station are then determined by Table I 
3.3
According to the assumption (Q -a) -180 + A, angle P must be small; therefore, it may be necessary to rotate the photo coordinates through an aingle a. The angle 8 can be determined computationally or graphically, whichever is preferred, and the rotation of coordinates is then performed as indicated on the form. If e is determined graphically, WADC TR 52-95 11 the plot can be used to check approximately the magnitude and sign of the rotated photo coordinates. To determine E graphically, a plot of the ground points, at some convenient scale, is prepared on v~llum or tracing paper. On the photo, radial lines from the principal point are drawn through the image points. The vellum plot of the ground points is superimposed on the radial lines of the photo images; E is the angle between the photo and ground x-axes.
3.4
For convenience of computation, the factor of 10 -was used.
Since each term of the basic equation (1-9) contains a gronnd coordinate value, the introduction of this factor has no effect. Also, in the formation of the three equations, the factor merely displaces the decimal point in all terms.
WADC M 52-95 12 Since Q (a -180 + + ÷ s) is defined in terms of P and s, the magnitude of error in a will be the sum of errors in P and a.
Hence, in used. In this particular case, the theory has given rise to a practical and rapid analytical method of determining the photographic elements of exterior orientation.
5.2
For photographs with tilts up to three degrees, as indicated by the results snown in Table II , the method meets practical accuracy needs for a determination of exterior orientation elements. Since the majority of aerial photography flown today contains less than 30 00'
and usually closer to 1 00' tilts, this method is applicable and will prove to be a useful tool in photogrammetric research and mapping problems.
5.3
The time required for performing a complete solution, including second order terms, is about two hours. However, due to the small tilts in a majority of the photographs, the second solution will be unwarranted and the computing time will be reduced considerably.
5.4
The results of Photo 3a show that an improvement of 40 00' in 0 angle has little effect on the resulting tilt angle, but does increase the accuracy of the swing angle.
5.5
The method as presented does not provide a check on the compu" tations. However, the completed computations can be checked by substituting P, t), and t in the original equations.
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